Muscle denervation is one of the most critical pathological factors involved in muscle atrophy as a result of ageing. This study aims to investigate the chronic effect of high-intensity interval training (HIIT) on cross-sectional areas and muscle denervation genes, interpreted in the plantaris muscle atrophy of aged rats. Twenty-eight aged and young rats were divided into four different groups, including exercise and control. The training protocol included six weeks of HIIT. Animals were sacrificed 48 hours after the last training session, and the plantaris muscle was removed. To measure Gadd45a mRNA and NCAM1mRNA, we used a real-time PCR technique. The cross-sectional area was measured with photomyography using an H&E technique. The results showed that ageing significantly decreased NCAM1 mRNA in the aged control group (p=0.0001) and exercise leads to a significant increase (interaction effect) of it (p=0.003). Gadd45a mRNA was significantly increased due to ageing (p=0.009), and exercise resulted in a significant decrease in that in the aged exercise group (p=0.04). The cross-sectional area in the aged control group was significantly smaller than in the young control group (p=0.046). In contrast to young groups, exercise could increase the cross-sectional area in the aged exercise group compared with the aged control group, but it was not significant (p=0.069). It seems that HIIT could improve ageing-induced muscular atrophy, although denervation-involved gene modification leads to an increase in the muscular cross-sectional area; therefore, it improves muscular atrophy due to ageing.
and motoneurons connections would become thinner; this ultimately leads to muscular atrophy (Gyorkos & Spitsbergen, 2014) . Therefore, recognizing the mechanisms involved in neuromuscular degeneration, and the interventions that can reverse these mechanisms is essential.
There is strong evidence showing that, after denervation, acetylcholine receptors, as well as NCAM1 (Knudsen, McElwee, & Myers, 1990; Walsh, Hobbs, Wells, Slater, & Fazeli, 2000) and Gadd45α, which induce atrophy (Barns et al., 2014; Bongers et al., 2013) , are increased. In contrast, it has been shown that exercise not only create a non-surgical and non-pharmacological protective mechanism against diseases and musculoskeletal disabilities, but it is also assumed to be a way of maintaining the function and structure of synapses and regenerating damaged neurons (Gyorkos & Spitsbergen, 2014; Smith & Mulligan, 2014) . In addition to endurance/aerobic training (Samiei, Behpour, Tadibi, & Fathi, 2018) , studies show HIIT exercises have many benefits, including improving glucose levels in diabetic subjects (Rahmaty, Gaeini, Dolatshahi, & Choobineh, 2018) , reducing inflammation in adipose tissue (Alizadeh, Asad, Faramarzi, & Afroundeh, 2017) , and increasing prolonged motoneuron maintenance and neuromuscular junctions (M. R. Deschenes et al., 1993) and has led to neuronal sprouting and proliferation in both healthy and unhealthy subjects (Sabatier, Redmon, Schwartz, & English, 2008) . Therefore, the purpose of this study is to investigate the effect of six weeks of HIIT on NCAM1 and Gadd45α gene expression in order to observe denervation in the plantaris muscle of aged rats. In addition, because the role of exercise to modify these factors in the neuromuscular junction has not been studied yet, and in order to ensure that NCAM1 and Gadd45α are reliable factors, the effect of exercise on changes in the muscular cross-sectional area will also be identified.
Methods

Animals
Experiment protocols for rats were planned according to the policies of the Iranian Convention for the Protection of Vertebrate Animals, and the Ethics Committee of the School of Medicine Sciences, Tarbiat Modares University (TMU), authorized the protocol. Twenty-four male Wistar rats (aged 4-5 months), obtained from Iran Pasteur Institute were collected in the current study. They dwelled in a standard temperature room and 12-h light and dark periods with unlimited access to water and food. They were maintained in the Animal House in the School of Medical Sciences of TMU. Animals (5 in each group) were randomly divided into four groups: Aged Control (AC) Aged Training (AT), Young Control (YC), and Young Training (YT).
Training protocol
The training groups performed five sessions each week of HIIT for six weeks, and 48 hours after the last training session, the training groups did not perform any exercise until they were sacrificed. After the animals were sacrificed, the left foot plantaris muscle was frozen immediately in liquid nitrogen for cellular and molecular testing, and then stored in a refrigerator for 80 days. The right leg muscle was used for conducting a 10-25% formalin test for histochemical experiments. In the current study, the plantaris muscle was chosen because it is predominantly composed of (II-60%) muscle fibres of type II (Michael R Deschenes, Roby, & Glass, 2011) .
At the beginning, in order to reduce stress as well as create familiarity with running on a treadmill, the subjects ran on a training programme for a week at speeds of 10 to 18 metres per minute (m/min) for ten minutes. Then, 48 hours after the last familiarization session, an exhausting test was performed, starting at a speed of 10 m/min and increased by 3 m for every three minutes (Thomas, Bishop, Moore-Morris, & Mercier, 2007) . The time to fatigue was determined by the inability of the rats to run on the treadmill. After determining the maximum speed, the training groups participated in a six-week HIIT programme (Tables 1 and 2) .
Moulding and cutting of muscle
Forty-eight hours after fixing the tissues in formalin, the samples were distilled from alcohol into different degrees of purity (70, 80, 90, and 100), the stopping time of each one in alcohol containers was calculated for two hours. In the next step, a microplate was used to cut them, and 5 microns of each sample were placed in the required measurements. The slides then were placed in a hot bath for at least 60° C to melt the paraffin from the tissue section; in addition to this, the tissue was stuck to the lamina. Removed sections were then transferred to the slide, and after removing paraffin in an oven at 120 ° for 10 minutes and washing steps in alcohol of different purities, immunohistochemical staining and H & E were performed.
H & E staining and cross-sectional measurements
To measure the cross-sectional area (CSA) of the muscle, muscle samples were fixed in 10% formalin and then moulded into paraffin. The fixed organ tissues were then embedded in paraffin. The paraffinized tissue specimens were cut into 5 um-thick slices and were stained with hematoxylin and eosin (H&E) for histopathological observation using a previously established procedure (Carleton, Drury, & Wallington, 1967) . Photomicrographs were captured using a normal spectra fluorescent microscope (Olympus DP 72) at 6100× magnification with an attached digital camera (Olympus, Tokyo, Japan).
Real-time PCR
Total RNA was extracted from the plantaris muscle samples by exerting QIAzol®Lysis Reagent (Qiagen) according to the manufacturer's recommendations. RNA concentrations were defined by the rate of absorbance at 260 nm. RNA purity also was determined by absorbance ratio at 260 and 280 nm, and with a Nano-Drop Machine. Acceptable purification in 260/280 nm absorbance ratio above 1.8. RNA was reverse-transcribed into complementary DNA (cDNA) using a Revert Aid first standard cDNA Synthesis Kit (Thermo Scientific, Fermentas K1622, United States) using an accepted protocol including reverse transcription at 25 °C for five minutes, then inactivated reverse transcriptase at 42˚C for 60 minutes, and finally refrigeration at 70 °C for five minutes, with storage at -20 °C.
For real-time PCR, primers were designed using NCBI and gene runner software and synthesized by Cinnagen Company (Iran). The primer sequences are shown in Table 3 . Gene expression measurement was done with Master Mix and SYBR Green in an Applied Biosystems, StepOne™ thermal cycler. The thermal cycle protocol was divided into protocols including one cycle at 95˚C in 10 min, followed by 40 cycles at 95˚C for 15 s, and 60˚C for 30 s. PCR amplification also was performed with duplication in a total reaction volume in 20 μl. The reaction mixture had three μl diluted templates, 10 μl SYBR Premix Ex Taq™Kit (Perfect Real Time, Takara Code RR041A, Japan), and two μl primers. Amplification specificity was monitored using the analysis of the melting curve. Genes' relative expression were normalized by subtracting the housekeeping levels of the mean of glyceraldehyde 3-phosphate dehydrogenase (Gapdh) 2−ΔΔCT, which was amplified as a housekeeping gene. All data are represented as fold changes from the weight-bearing group (Livak & Schmittgen, 2001) . 
Statistical Analysis
All statistical analyses were done using SPSS software (version 20, SPSS Inc., Chicago, IL, USA). The normal assumption was examined using a one-sample Kolmogorov-Smirnov test. Two-way ANOVA tests were used to compare groups regarding under study variables, and the significant level was determined at p<0.05.
Results
Body mass
Changes in body mass before and after exercise are shown in Table 3 . The results of the t-test for intra-group comparison of body mass changes showed that the weight of both young groups increased significantly at the end of six weeks compared to the baseline measurements (p=0.001). However, the control group and the aged training group showed a non-significant increase compared to the pre-test data (p=0.655, p=0.83, respectively) (Table 4) . 
Plantaris muscle weight
The results of one-way ANOVA to compare absolute weight and relative weight (muscle/body mass ratio) of the plantaris muscle showed a significant difference between groups (p=0.001; p=0.001). Therefore, Tukey's post hoc test showed that the absolute and relative weight of the plantaris muscle in aged rats was significantly lower than young groups (p=0.002, p=0.001) ( Table 5) . HIIT significantly decreased muscle weight in young rats (P = 0.99), but the relative ratio was increased, although the difference was not statistically significant between these two groups (p=0.466). In comparison with the young groups, HIIT increased both muscle weight (p=0.106) and relative weight (p=0.425) in the aged training group. 
Cross section area (CSA) of muscle fibres
The results of one-way analysis of variance analysis showed a significant difference between groups (P = 0.032). Tukey's post hoc test showed that the cross-sectional area of the muscle fibres in the control aged group was significantly less than in young groups (P = 0.046) (Figure 1 A and C) . Compared to the young groups, there was a non-significant decrease in the cross-sectional area of the trained rats as opposed to the control (P = 0.53) ( Figure 1 -A and -B) . 
mRNA expression of Gadd45a
The results show that HIIT has significantly reduced Gadd45a expression in the plantaris muscle of aged rats (p=0.041). Ageing resulted in a significant increase in this gene (p=0.0001), but in the young group, exercise did not show a significant effect on Gadd45a expression (p=0.465) ( Figure 2) . Unlike with the young groups, exercise significantly increased the size of muscle fibres in the aged training group (P = 0.69) ( Fig. 1 -C and -D) , but still less than in the young groups according to the data (Table 6) .
mRNA expression of NCAM1
In contrast, HIIT significantly increased NCAM1 mRNA expression in the plantaris muscle of aged rats (P = 0.001). Moreover, ageing resulted in a significant decrease in this gene (P = 0.0040), but in the YT group, exercise did not show a significant effect on NCAM1 mRNA expression (P = 0.315) (Figure 3) . 
Discussion
The findings have shown that consistent with previous research results, ageing significantly reduced the weight of the plantaris muscle and diminished the cross section area and relative muscle weight. In contrast, the results have shown that six weeks of HIIT almost reduced the size of the plantaris muscle in young rats. This reduction in muscle fibres after exercise could be advantageous because it has been reported that change of muscle fibres size after endurance training reduces the distance between muscle fibres and blood capillaries, where gas exchange should occur (Hoppeler, Howald, & Cerretelli, 1990) . Unlike young rats, the aged group showed an increase in muscle weight and size after training. This difference between the aged and young groups muscles' response to exercise can be due to differences in their compatibility capacity. Since ageing causes atrophy in muscle fibres, this kind of muscle fibres has a higher potential for hypertrophy, even in response to endurance exercises that usually do not lead to hypertrophy (Michael R Deschenes, Hurst, Ramser, & Sherman, 2013) . To support this claim, reference can be made to Cogan's study, in which it was reported that endurance training leads to muscle fibroblastic hypertrophy in human subjects (Coggan et al., 1992) .
During embryonic growth, acetylcholine receptors are expressed with fetal isoforms by muscle fibres before becoming neurons. The high volume of receptors makes fibres extremely sensitive to acetylcholine. After neurotization, a significant decrease in acetylcholine receptors expression occurs except for the muscular cells' area, which is assumed to be a communication site between nerves and muscle (Cohen et al., 2007) . Loss of the nervous system is concurrent with the expression of all subtypes of acetylcholine receptors. In addition, it over-expresses Gadd45 subcategories.
Regarding this evidence, our results showed that there was a significant increase in Gadd45a expression in aged plantaris muscle compared to young muscle. Gadd45a also shows an almost twofold increase from 15 to 24 months and then a decrement with age (Barns et al., 2014) . Studies have shown that the nervous system's response to damage caused by peripheral nerve suppression is different in healthy rats and NCAM-free mice; therefore, peripheral axons of motor neurons are reshaped after surgical abnormalities in normal healthy rats, but axon growth is impaired and defective in NCAM-free mice (Grumbles, Almeida, & Thomas, 2008) . A study done on surgically debilitated young and aged mice showed that a muscle twitch after nerve rupture in young mice resulted in a 33% increase in NCAM (Biral et al., 2008) .
In comparison to aged rats, axonal growth defects are associated with no significant change in NCAM; this could be attributed to the inability to regenerate peripheral nerves in aged subjects in the absence of NCAM changes (Gatchalian, Schachner, & Sanes, 1989 ). In addition, physical activity as a non-pharmacological intervention has great importance in the function and structure maintenance of synapses and recovering damaged neurons. Studies that examine the effect of exercise on muscle show that endurance exercise improves the reabsorbed muscle fibres (English, Cucoranu, Mulligan, & Sabatier, 2009; Krakowiak et al., 2015) and the number of myelin axons after peripheral nerve damage (Asensio-Pinilla, Udina, Jaramillo, & Navarro, 2009; Bobinski, Martins, Bratti, & Mazzardo-Martins, 2011) . HIIT also increases neuromuscular stability and prolongs neuronal growth more than low-intensity exercises do (M. R. Deschenes et al., 1993; Sabatier et al., 2008) . The amount of muscular activity directly affects NMJ size (M. R. Deschenes et al., 1993) : it can be concluded that the amount of involved muscle during an exercise activity significantly influences NMJ structures. For example, it has been shown that in comparison to plantaris and EDL muscles, followed by exercise activity, the changes only applied to the plantaris muscle (Alshuaib & Fahim, 1990) .
In conclusion, the results of this study revealed an increased Gadd45a level and a decreased level of NCAM1 in the plantaris muscles of aged rats, which was associated with a decrease in the muscle's cross-sectional area. Therefore, we can argue that as the process of sarcopenia develops from type 2 or fast muscle fibres, there is a relationship between the amount of muscle fibres and musculoskeletal system health. In this regard, the benefits of higher intensity exercises to various physical systems in different populations, such as athletes, patients, and the elderly, are well-defined (Madden, 2018; Ramírez-Vélez et al., 2016) . Elderly people also may benefit from high-intensity exercises to improve their musculoskeletal health, in order to reduce the effects of ageing on muscle mass, and ultimately prevent their disabilities in doing routine activities and preventing metabolic diseases.
